There are many existing and emerging sustainability challenges in the forest sector in Mozambique and capacity building for higher education can help to address them and promote both sustainable use of forest resources and sustainable industrial development in this sector. We aim at promoting sustainable engineering education and university level teacher education for sustainability. This article describes our development work for a new study module on industrial environmental engineering and associated curriculum with strong emphasis on addressing Mozambican development priorities and supporting national sustainable development efforts taking into account both public and private sector aspects. Our approach combines environmental management and engineering with sustainability management and assessment including life cycle thinking. As a result, we present the ready study module template and its content encompassing discussions on key topics and pedagogical aspects. The developed new module is an established part of MSc programme and it will be lectured in 2014 for the first time as a joint Mozambican-Finnish effort.
Introduction

Sustainable development challenges and forest sector development in Mozambique
Recently, the Government of Mozambique approved the Plan of Action for the Green Economy (2013) [1] . The implementation of this instrument requires strong focus on many areas such as sustainable use of natural resources and focus on clean, low carbon and socially inclusive approaches. Monitoring capacity, forest protection, taxes for local benefits and addressing deforestation are among the development priorities. Development of local natural resources management would require partnerships among local communities, government and the private sector. The GDP growth in Mozambique was 7.4% in 2012 [2] . However, the Worldwide Governance Indicators [3] showed that there is much improvement potential in, for example, government effectiveness, rule of law and regulatory quality. The Human Development Index [4] also indicates that there are major challenges ahead associated with e.g. education, sustainability, gender equality and poverty. The achievement of the UN Millennium Development Goals [5, 6 and 7] in Mozambique requires focus on environmental sustainability including reforestation investments and associated education. The agricultural sector provides employment for 80% of the workforce. The involvement of Mozambique in forest related initiatives such as UN-REDD+ [8] would also require focus on sustainability issues such as forest tenure and local land use and ownership aspects. National or international statistics could be supported by, for example, training and education for establishment of reliable knowledge bases with focus on local participatory and community-based inventory and statistics.
Mozambique is among the most forested countries in Africa with 54.8 million hectares of forest land. The primary function of the remaining natural forests is to provide livelihood to local population and national economy through sustainable forest management. There is growing interest among international actors to utilize currently non-productive forest lands through reforestation and eventual development of associated industry. This would create employment and government revenue. Illegal logging, uncontrolled forest fires, severe poverty and slash and burn agriculture are major threats to sustainable forest sector development. Moreover, even up to 80% of national energy use is supported by the forest sector as fuel wood and charcoal. Sustainable rural development is facing many challenges such as population growth, increasing consumption patterns, growing demand and associated investments in natural resources, increasing greenhouse gas emissions and conflicts between the interests of local and distant consumers [9] .
Currently, there have been studies on investment in locally controlled forestry with an emphasis on local enterprise development. Prerequisites for this locally driven approach comprise secure commercial resource rights, availability of fair investment, technology and service provision, strong enterprise-oriented organization and enhanced business capacity [9] . In general, the Mozambican forest sector is facing many changes and associated sustainability challenges in the coming years. The existing forest industry is small-scale mechanical wood industry but for the future there could be major changes ahead in this field due to increasing interest of e.g. foreign investors. Potential industrial development could bring about many sustainability challenges such as both environmental and social concerns including the role and benefits of local communities. One way to address sustainability challenges is to educate and train new experts with appropriate and timely knowledge and skills in this field such as capability to implement sustainability impact assessments taking into account all dimensions of sustainability.
UEM-Aalto collaboration
After preparatory visits and presence in Mozambique the UEM-Aalto collaboration was officially established and started in 2013 within the "Higher education and capacitydevelopment for sustainability and clean technologies in the forest sector in Mozambique" (known as Vagalhão-project). This project is part of the Higher Education Institutions Institutional Cooperation Instrument (HEI ICI) administered by Centre for International MObility (CIMO) and funded by Ministry for Foreign Affairs of Finland. The HEI ICI Programme supports collaboration projects with focus on enhancing higher education institutional capacity through institutional cooperation. The main objectives of the UEM-Aalto cooperation are to:
• Develop a study module and associated curriculum on industrial environmental engineering with special emphasis on sustainability and clean technologies.
• Design and implement staff/expert training for industrial environmental engineering.
• Develop UEM capacity to provide services for and to establish strong links with industry, national sustainable development efforts and initiatives and other HEIs in the field of industrial environmental engineering.
The overall objective is to address the growing sustainability challenges in the forest sector in Mozambique through successful implementation of the partnership project which will improve capability of UEM to meet both the educational and training requirements set by current situation in the country in a socially, environmentally and economically sustainable manner. Project approach to sustainability aims at being comprehensive, intersectoral and coherent covering both broader sustainability performance aspects and company level control of environmental factors (Fig. 1.) . The broad approach to sustainability performance (small and medium-sized enterprise (SME) and mill level).
Higher education for sustainability
Sustainability studies have gained much recognition in university education in recent years as a result of growing awareness of environmental problems such as the amount of pollution and discharges to the receiving environments and drain of natural resources among others. The challenges themselves are not new and even though the facts have been recognized problematic they often have not received the attention required in terms of environmental efficiency. Efficiency in this context is very different from economic efficiency as one might think of. It is in addition to, and arguably more important than, the efficient use of labor or even the efficient use of capital [10] . The challenges laid are complex involving several fields of expertise as well as academia and need to be discussed on multi-disciplinary basis. UNESCO [11] has outlined that education for sustainable development includes capacitybuilding for long-term and future-oriented thinking and decision-making as well as integration of sustainable development into other disciplines. Addressing sustainability challenges and understanding of complexity require systems-thinking and the emerging sustainability curricula and education paradigm in higher education will encompass more cooperative approaches such as integrated dialogue among industry, academia and government [12] .
Creation of sustainability education programmes on higher education are carried out to be interdisciplinary graduate education and research to improve understanding the concept of sustainability from each following perspective: environment, economy and equity. This means environmental sustainability as well-being of nature, economic prosperity, and social responsibility. As an example, description of the University of Trent [13] Sustainability Studies program defines a vision of environmental protection, resource conservation, positive social change, and sustainable economies being complementary rather than antagonistic processes where promoting an understanding of social, environmental and economic sustainability is aimed by integrating the efforts of business, government and civil society. This definition of the study discipline is also the very challenge itself of the matters related to sustainability being antagonizing to some, depending on the perspective. The main sustainability competencies and educational pedagogy approaches for sustainability education comprise [14] :
• Systems thinking and understanding of interconnectedness (e.g. real case studies and problembased learning through interdisciplinary approach).
• Long-term, foresighted thinking • Stakeholder engagement and group collaboration • Action-orientation and change-agent skills (e.g. projectbased learning).
The choice for sustainability studies has increased substantially in recent years with a growth trend of environmental study programs. The challenge lies in holistic understanding of the essential dynamics: growth of the world economy and its direction while accounting the poor. The questions go beyond one discipline and are very socially connected when looking at lifestyles and Earth productivity. The nature of the issues requires true interaction between the industry, scholars, students and policymakers to reach environmentally sustainable business practices and policies [15] . The issue has given start to specific sustainability education programs whereas previously the topics of sustainability were integrated as parts into other major programs. At Aalto University various Master of Science programs have emerged lately discussing topics such as sustainable global technologies and principles of responsible management. Recently launched international outreach projects in South Eastern Africa include a student group project to create farmers' and food processors' business models for local producers in Lionde Millennium Village in Gaza, Mozambique [16] and a city planning workshop on sustainable communities as a tool for development to decrease rapid and uncontrolled urbanization in Dar es Salaam, Tanzania [17] .
All of the above call for the participation of students and third party members in the scientific and social communities. This holistic approach is essential for comprehensive understanding of discussion in environmental technology and sustainability questions. Allen and Shonnard [18] noted that sustainable engineering encompasses consideration of risks, life cycle thinking, environmental law and focus on sustainable materials.
They also recognized that design for sustainability involves the application of environmental, economic and social indicators (performance metrics). Sustainable engineering incorporates product, process and system development jointly with minimization of environmental impacts and protection of human health and ecosystems [19] . Moving towards engineering sustainability requires appropriate selection of resources taking into account sustainability criteria, more efficient engineering processes and resource use and adoption of environmental stewardship in engineering activities to reduce impacts [20] .
To gain understanding of the needs a scheme in the form of a questionnaire, discussing topics and teaching methods was introduced to develop a module suitable from education point of view in content and as importantly the local need in the Mozambican context. We consider that higher education for sustainability should encompass reallife based aspects and relevance taking into account the full interplay between various actors. Pedagogically, different learning levels can be promoted through a mix of approaches such as lectures, case studies and project-based learning [21] and more sustainable learning and improved pedagogy can be promoted through collaborative design of learning objects and collaborative learning activities [22, 23] . Breidlid [24] recognized that the viability of indigenous knowledge systems as a potential tool for advancing sustainable development and associated education should be researched more thoroughly. Interdisciplinary approach to sustainability education integrates sustainability, education pedagogy and behavior change [14] .
Objectives of the study
The objectives were agreed by both universities in accordance with the project goals and based on the identification of mutual interest areas. The overall objective was to jointly develop a study module on industrial environmental engineering covering locally relevant topics such as environmental management, sustainability, clean technologies and sustainable forest management. The specific aims were to:
• Determine the key elements of industrial environmental engineering that should be included in the module based on local development priorities in Mozambique.
• Work out the most appropriate teaching approach including pedagogical aspects.
• Identify linkages to national development priorities and ways to engage both private and public stakeholders.
Materials and methodology
A workshop to develop the study module was arranged at the Faculty of Agronomy and Forestry Engineering -UEM, Maputo, in October 2013. The objectives of the workshop were to engage UEM staff and stakeholders in the module development and especially to get their contributions about the appropriate content of the module and teaching approach with special emphasis on local needs and development priorities. The programme included short presentation of the MSc programme in Wood Technology (Table 1. ) and the presentation of the tentative module "Industrial Environmental Engineering" in 3 ECTS 1 plus 1 ECTS of supervised exercise and laboratory work. A plenary discussion followed including general comments and suggestions. Next, the session participants answered a questionnaire about the module after which three groups were organized to discuss in depth the suggestions proposed in the plenary discussion as well as other issues.
The module was planned to be integrated to the Wood technology MSc program in its third period as elective module consisting of 90 study hours. The additional 30 hours would be in a seminar slot or part of project simulation in period four. The first phase in developing the material was to go through the basic structure proposed (Table 2 .) by the responsible teachers from both universities. The structure initially held ten individual topics following the chapters of the course book [26] that was provided by the project staff in Aalto University. Building on the themes above the module was intended to discuss the technological, the economic, the social and the natural resources aspects and challenges of process industry activities from environmental perspective. On top of understanding management of material and energy streams, materials balances as well as the emissions and their analyses the content was aimed to go even broader to protective actions and management and furthermore including the sustainability and life cycle aspects and the affiliated legislation, systems and tools for industrial environmental management.
From the pedagogical point of view the intended learning outcomes were aimed for the students to be able to 1. Define the basic concepts of environmental sciences and technology and link them to the right context to be able to follow environmental discussion of their field of interest, 2. Classify the environmental impacts of industrial emissions, chemicals and products and the means for preventing emissions on a general level, 3. Link choices of raw materials and process solutions with management of waste streams and emission control with the use of examples, 4. Describe examples of industrial symbiosis and internal process solutions for emission control, 5. Present the operational principles and interrelations of commonly applications for wastewater treatment, controlling of air emissions, waste management and materials recovery processes, 6. Comprehend the concept of sustainability and fundamentals of life cycle assessment, 7. Explain about industrial environmental responsibilities and challenges laid by legislation, 8. Classify market mechanisms and economic tools in environmental management and possibilities of industrial environmental business operations and 9. Describe environmental management systems used in industry on a general level.
Teaching methods apart from shared lessons given by project staff of UEM and Aalto included practical workshop sessions, case studies and industry visits. Student evaluation strategies and grading will be based on oral, written and audiovisual exercise presentations of practical classes, individual and group work and final exam. Continuous learning (Fig. 2. [27]) was seen as a useful way for the students to participate actively and as a possibility for the teachers in different locations to utilize e-teaching to ultimately support learning. Combining various methods such as distance learning with instructor-led training and other live formats often used particularly in the business world and companies' human resources training is also often defined with the term blended learning [28] . In the work life this method is usually referred to as the ability to continually develop and improve one's skills and knowledge in order to perform effectively and adapt to changes. For this purpose the learning platform can be provided by using different teaching methods to suit different types of learners. In university education and module or course level the model can be simplified to support learning through a study unit by giving initiatives along the way as well as checking the progress constantly in order to obtain deep approach rather than surface learning [29] to eventually have more fruitful outcome of the unit taught once the intensive teaching period is finished. 
Results
Meetings were arranged after the workshop locally and via video conference to evaluate the workshop results. Part 1 showed equal importance of each header balancing the need for comprehensive content. Strictly technical detail in process industry was not considered essential, at least not yet. Parts 3, 4 and 5 yielded valuable comments for individual tasks and results for Part 2 are summarized in Fig. 3 .
The three most important topics were 1. Sustainable use of natural resources 2. Environmental conservation and biodiversity and 3. Chemicals, hazardous waste management and environmental toxic pollutants. The results show the concern of the state of the local environment regarding nature values and the need for clear guidance for conservation and obedience to related laws. These were followed by need for technical expertise and considerations to managing of discharges and solid wastes both of which are linked to the importance of efficient environmental management systems.
Results from Figure 3 provided a clear guideline for planning what to teach based on the interests in the work field of various parties. Summary shows the importance of technical knowledge and its current advancements but also importantly a good level of recognizing the need for holistic understanding of environmental discussion and the nature and basic procedures and boundaries in environmental dilemmas. Current legislation and details of permitting is only effective for a certain time until renewed but the relative procedures and scope of permitting processes and capability of technological solutions in larger scale are essential. The discussions at the plenary session and the group stage resulted in the following summarized suggestions:
• General aspects related to legislation issues must be included in the introductory themes and specific issues related to legislation should also be discussed in each theme of the module (in addition, it was recommended that a discussion of legislation concerning other related areas should also be included).
• Economic aspects should be presented as an individual theme. This section should include emission trading mechanisms and other market related issues e.g. certification of products or eco-labelling.
• The role of private sector and other institutions should have a clear role in the module supporting activities e.g. expertise for practical study assistance and placements for students.
• The private sector and public institutions could benefit from UEM by receiving training in the module as such or in specific themes.
• The private sector is also interested in partnership with the UEM for practical application of some tools of the module such as industrial environment management.
• The order and arrangement of module themes should be further developed.
This translated to rearranging the module themes and further improvement of the study materials. The following order of themes was proposed: 1) Introduction, general concepts and environmental challenges, 2) environmental legislation, 3) climate change, 4) environmental contaminants, air emissions control and odor and noise control, 5) environmental hazards management (waste management, water and wastewater treatment, occupational safety and other related issues), 6) sustainability (economic, social and environmental aspects) and life cycle assessment of wood based products and 7) carbon market and other markets related to environmental issues. The working groups noted that occupational safety should be included in the module and that report of placement should be included as one of the evaluation strategies. Suggestions listed were analyzed for a final edited version of the module shown in Table 3 .
The final version was constructed to unify and support both the ideas, observations and discussion from the workshop and the structure of the course book. This cross-analysis provided a logical proceeding order with the produced study materials. Environmental contaminants and air emissions were first suggested to be in the same chapter but separate from management of water and wastewater and solid wastes however these are often intertwined therefore it was later suggested to discuss the environmental challenges and causes first and then continue with treatment and methods regardless in all mediums. Contaminants and contamination would the logically come after environmental challenges followed by the technical chapters of air, water and soil. Same analogy was used for hazardous compounds. Moving from global to local scale climate topic remained before the treatment section which then logically started with the topic of control of air emissions, noise and odor.
Respectively, environmental legislation and management are closely related so in case they are separated then permitting was suggested to be discussed with legislation and management with voluntary steering. The challenge of rearranging topics entirely is a chicken and the egg question that then again led to slight mismatch with the order of the course book chapters therefore the final suggestion followed the running order of categories: Introduction → Challenges → Legislation → Emissions control → Voluntary aspects. This was seen as a logical order of main headers to be covered in the module.
Discussion
Sustainable engineering is about responsibility, understanding of the institutional, cultural, social and environmental context and overall systems implications within which engineering and technology systems are situated. This means that more capable professionals are needed who can integrate other disciplines to address complex adaptive systems [30] . According to Abraham [19] the principles of sustainable engineering encompass, for example, holistic engineering of products and processes, integration of environmental impact assessment tools, life cycle thinking, minimization of natural resources depletion and community and stakeholder engagement. In one study by Rosen [31] , two-thirds of practicing engineers have worked on sustainable products and processes and over 50% of engineering students were involved with sustainable design as a part of their studies. He also noted the need to address challenges such as the role of economics and made, for example, the following conclusions [31] :
• Many consider that adopting sustainable engineering practices will reduce competitiveness.
• Long-term decision-making needed to support sustainable engineering practices is hindered by lack of life cycle approach to benefits (focus on short-term).
• There is a lack of 1) corporate commitment and culture, 2) customer demand and driving market forces and 3) incentives to promote sustainable engineering practices.
• There are no codes or standards for sustainable practices.
• There are few laws and regulations that endorse sustainable engineering.
According to Scott and Gough [32] learning for sustainable development requires taking into account environmental, social and economic issues including the overall policy context and building social capacity and design of appropriate and context specific pedagogical approaches. Dimenäs and Alexandersson [33] suggested that education for sustainable development involves focus on intertwined issues and requires integrative thinking and holistic approaches to education. Action and change to promote transition towards sustainability requires understanding of complexities within interconnected systems taking into account long-term orientation and broad-based collaboration among different actors [14] .
Conclusion and recommendations
The key elements were able to be determined for industrial environmental engineering based on local development priorities in Mozambique with strong emphasis on addressing existing and emerging sustainability challenges. The developed new module and associated curriculum are based on these results. Moreover, jointly developed appropriate teaching and pedagogical approach were defined and taken to practice to suit the present needs of all involved parties. Linkages to national sustainable development priorities were able to be identified and to engage both private and public stakeholders to take part in the development of the module and related activities. As a result, the capacity of UEM to provide higher education in the fields of sustainable engineering has been significantly improved and the MSc programme now covers both environmental and sustainability management aspects. All this is highly relevant since addressing sustainability challenges in Mozambique requires an input from higher education sector and skilled experts are needed in both public and private sectors. Sustainable use of natural resources and promotion of forest sector sustainability are very timely topics including the need to explore locally sustainable approaches. Industrial development and local companies also need a strong sustainability basis to be able to sustain their activities in the long-run in terms of environmental, economic and social aspects. Based on our experiences so far the following recommendations can be made:
• Development of higher education for sustainability and environmental management requires broad-based participation and engagement of multiple stakeholders from public and private sectors with sufficient emphasis on real-life and practical aspects.
• Higher education for forest sector sustainability requires focus on local level sustainability aspects jointly with broader national and international issues and integration of both private and public sector perspectives in a balanced manner.
• The developed new modules should be relevant with respect to addressing existing and emerging local sustainable development challenges encompassing environmental, economic and social aspects.
• Environmental and sustainable engineering are about holistic, multidisciplinary, future-and systems-oriented, interconnected, collaborative, participatory, life cycle and integrated approaches.
